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(YDOXDWLQJ'K\GUDXOLFFRQGLWLRQVWRIDYRUVHGLPHQW
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
$EVWUDFW²%\GHFUHDVLQJWKHYHORFLW\RIWKHIORZDQGWXUEXOHQFH
UHVHUYRLUV FRQWUROOHG E\ GDPV DUH OLNHO\ WR IRUFH LQIORZLQJ
VHGLPHQWVWRVHWWOH7KLVSURFHVVFDQEHPRUHRUOHVVWHPSRUDODQG
LQWHQVLYH GHSHQGLQJ RQ SDUWLFOH VL]H DQG WKH UHVHUYRLU
FKDUDFWHULVWLFV 7R UHGXFH WKH UHVHUYRLU VHGLPHQWDWLRQ DQG
SUHYHQWD GLVUXSWLRQ RI VHGLPHQW FRQWLQXLW\ RQHSRVVLEOHRSWLRQ
IRUGDPRSHUDWRUV LV WRUHFRYHU IDYRUDEOH IORZFRQGLWLRQVHLWKHU
IRU URXWLQJ LQIORZLQJ VHGLPHQWV RU WR UHPRELOL]H SUHYLRXV
GHSRVLWV ,Q WKH FDVH RI FRKHVLYH VHGLPHQWV RQH RI WKH PDLQ
FKDOOHQJHVWRGHDOZLWK LV WKDWGHSRVLWLRQDQGHURVLRQWKUHVKROGV
DUHRIWHQ UDGLFDOO\GLIIHUHQWDVD UHVXOW RIGHSRVLW FRQVROLGDWLRQ
)RUWKHODVW\HDUVWKH&KDPSDJQHX[UXQRIULYHUGDP5K{QH
5LYHU )UDQFH KDV H[SHULHQFHG VLJQLILFDQW GHSRVLWLRQ SURFHVVHV
DIIHFWLQJPDLQO\ILQHVHGLPHQWIUDFWLRQV$VDGDPRSHUDWRU&15
KDV ZDQWHG WR GHWHUPLQH K\GURG\QDPLF FRQGLWLRQV WR IDYRU
WUDQVSRUWDQGHURVLRQ RI ILQH IUDFWLRQV RI VHGLPHQW ,Q IDFW WKLV
VLPSOHTXHVWLRQFRYHUVPDQ\SRLQWVRIFRPSOH[LW\DQGWKRURXJK
DQDO\VHVRQVKHDUVWUHVVHYDOXDWLRQKDYHEHHQFRQGXFWHGE\&15
7KH SXUSRVH RI WKLV FRPPXQLFDWLRQ LV WR SUHVHQW K\GUDXOLF
PHWKRGRORJ\DQGUHVXOWVWRGHILQHWKRVHFRQGLWLRQVLQWKHFDVHRI
WKH&KDPSDJQHX[GDP
7KH HYDOXDWLRQ RI ERWWRP VKHDU VWUHVV WKURXJKRXW WKH UHVHUYRLU
DQGIRUGLIIHUHQWK\GURORJLFDODQGRSHUDWLQJFRQGLWLRQVUHOLHVRQ
DK\EULGDSSURDFKFRPELQLQJ  D7(/(0$&' IUHH VXUIDFH
QXPHULFDO PRGHO RI WKH ZKROH UHVHUYRLU  D SK\VLFDO VFDOH
PRGHO  OLPLWHG WR WKHGRZQVWUHDPSDUWRI WKH UHVHUYRLU DQG
 D)/8(17&)'QXPHULFDOPRGHO RI WKH GDP DUHD (YHQ LI
WKRVH  PRGHOV KDYH EHHQ LQLWLDOO\ GHSOR\HG LQ WKH IUDPH RI D
PRUH JHQHUDO SURMHFW WKLV H[SHULHQFH KDV VKRZQ WKDW VXFK D
FRPSUHKHQVLYHDSSURDFKLVUHTXLUHGWRREWDLQUHOHYDQWYDOXHVRI
WKHVKHDUVWUHVVDQGIORZYHORFLW\FORVHWRWKHULYHUERWWRP)LQDO
JRDO LV WRDFKLHYHDFRUUHODWLRQRIQXPHULFDOUHVXOWVZLWKFULWLFDO
WKUHVKROGV FRPLQJ IURP FRUH VDPSOLQJ ODEWHVWV )RU WKH GDP
RSHUDWRU VXFK D FRPSUHKHQVLYH VXUYH\ SURYLGHV XVHIXO
LQIRUPDWLRQ WR HQKDQFH WKH PDQDJHPHQW RI WKH UHVHUYRLU DQG
IHHGEDFN REWDLQHG ZLOO FRQWULEXWH WR DQ RSWLPL]DWLRQ RI WKH
PHWKRGRORJ\IRURWKHUVLPLODUFDVHV
, ,1752'8&7,21
%\ GHFUHDVLQJ WKH YHORFLW\ RI WKH IORZ DQG WXUEXOHQFH
UHVHUYRLUV FRQWUROOHG E\ GDPV DUH OLNHO\ WR IRUFH LQIORZLQJ
VHGLPHQWVWRVHWWOH7KLVSURFHVVFDQEHPRUHRUOHVVWHPSRUDO
DQG LQWHQVLYH GHSHQGLQJ RQ SDUWLFOH VL]H DQG WKH UHVHUYRLU
FKDUDFWHULVWLFV >@7R UHGXFH WKH UHVHUYRLU VHGLPHQWDWLRQ DQG
SUHYHQWDGLVUXSWLRQRIVHGLPHQWFRQWLQXLW\RQHSRVVLEOHRSWLRQ
IRUGDPRSHUDWRUVLVWRUHFRYHUIDYRUDEOHIORZFRQGLWLRQVHLWKHU
IRU URXWLQJ LQIORZLQJ VHGLPHQWV RU WR UHPRELOL]H SUHYLRXV
GHSRVLWV>@,QWKHFDVHRIFRKHVLYHVHGLPHQWVRQHRIWKHPDLQ
FKDOOHQJHV WR GHDO ZLWK LV WKDW GHSRVLWLRQ DQG HURVLRQ
WKUHVKROGV DUH RIWHQ UDGLFDOO\ GLIIHUHQW DV D UHVXOW RI GHSRVLW
FRQVROLGDWLRQ>@)RUWKHODVW\HDUVWKH&KDPSDJQHX[UXQ
RIULYHUGDP5K{QH5LYHU)UDQFHKDVH[SHULHQFHGVLJQLILFDQW
GHSRVLWLRQSURFHVVHV DIIHFWLQJPDLQO\ ILQH VHGLPHQW IUDFWLRQV
2QHHVVHQWLDOFKDOOHQJHWKDW&15KDVWRGHDOZLWKDVWKHGDP
RSHUDWRULVWRGHWHUPLQHWKHK\GURG\QDPLFFRQGLWLRQVOLNHO\WR
HQVXUHWKHUHPRELOL]DWLRQRIILQHJUDLQHGGHSRVLWV
7RDFKLHYHWKLVREMHFWLYHWKHDSSURDFKIDYRUHGE\&15UHOLHV
RQ D K\EULG PRGHO WR TXDQWLI\ WKH VKHDU VWUHVV YDOXHV Ĳ
FRUUHVSRQGLQJ WR GLIIHUHQW K\GURORJLF DQG RSHUDWLQJ
FRQGLWLRQV ,W H[LVWV VHYHUDO ZD\V WR NQRZ WKLV VKHDU VWUHVV
QHDUWKHERWWRP2QWKHRQHKDQGWKHWKHRUHWLFDOH[SUHVVLRQRI
VKHDUVWUHVVWLQWXUEXOHQWERXQGDU\OD\HUDWHTXLOLEULXPFDQEH
FDOFXODWHGZLWK«
:LWKʌZDWHUGHQVLW\ȞNLQHPDWLFYLVFRVLW\8YHORFLW\ILHOG
YHFWRUDQGX¶Z¶DYHUDJHIOXFWXDWLRQRIYHORFLW\
x 0HDVXUHPHQW RI VSHHG IOXFWXDWLRQV E\ YHUWLFDO
$FRXVWLF 'RSSOHU 9HORFLPHWU\ $'9 WKH VKHDU
VWUHVVLVUHODWHGWRPHDVXUHVX¶DQGZ
IRUGLIIHUHQW
]
x 0HDVXUHPHQW RI DYHUDJH YHORFLW\ E\ YHUWLFDO
$'9 WKH VKHDU VWUHVV LV FRQQHFWHG WR YHUWLFDO
JUDGLHQW8LQWURGXFHGLQWKLVDUWLFOH
2Q WKH RWKHU KDQG WKH GHYHORSPHQW RI 1DYLHU6WRNHV
HTXDWLRQVZLWKIUHHVXUIDFHDVVXPSWLRQOHDGVWRWKHWKHRUHWLFDO
UHODWLRQEHWZHHQWKHORFDOK\GUDXOLFUDGLXV5KDQGWKHHQHUJ\VORSH-UHTXLUHVPHDVXULQJXSVWUHDPDQGGRZQVWUHDPDYHUDJH
VSHHG


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
)LJXUH +\EULGPRGHOOLQJFRQFHSW
6XFK LVVXH LV KRZHYHU IDU IURP EHLQJ WULYLDO DQG UHTXLUHV
DGGUHVVLQJIROORZLQJFRQFHUQV
x (YHQLIPHDVXUHPHQWVLQWKHILHOGVKRXOGEHSRVVLEOH
WKHVHPHWKRGRORJLHVUHO\RQDXQLIRUPUHJLPHZKLFK
LVQHYHUREWDLQHGLQVLWX
x 1XPHULFDOPRGHOV KDYH WR EH FDOLEUDWHG E\ SK\VLFDO
PRGHO WR GHWHUPLQH UHDOLVWLF VKHDU VWUHVV YDOXHV DQG
FRPSDUHLWWRFULWLFDOVKHDUVWUHVVYDOXHVREWDLQHGIURP
ODEWHVWRQXQGLVWXUEHGFRUHVDPSOHV
7KLV FRPPXQLFDWLRQ IRFXVHV ILUVWO\ RQ WKH K\EULG
PRGHOOLQJ DSSURDFK GHSOR\HG IRU REWDLQLQJ UHOHYDQW VKHDU
VWUHVVYDOXHVLQWKHUHVHUYRLUDQGERXQGLQJXQFHUWDLQWLHVIRULWV
HYDOXDWLRQ 7KHQ 7(/(0$&' PHWKRGV IRU VKHDU VWUHVV
YDOXHV DUH FRPSDUHGZLWKRXWSXWV IURP&RPSXWDWLRQDO)OXLGV
'\QDPLFV&)')/8(17
,, +<%5,'02'(//,1*
$ 2YHUDOOFRQWH[WDQGPHWKRGRORJ\
)LUVW LW VKRXOG EH VSHFLILHG WKDW WKH UHVXOWV SUHVHQWHG
KHUHDIWHUZHUHREWDLQHGLQWKHIUDPHRIDPRUHJHQHUDOSURMHFW
ZKLFK LQFOXGHG LQ SDUWLFXODU IROORZLQJ LQYHVWLJDWLRQV
FKDUDFWHULVWLFVRIIORZG\QDPLFVLQDGLYHUVLRQDUHDHYROXWLRQ
RI VSLOOZD\ FRQYH\DQFH DFFRUGLQJ WR YDULRXV JDWH RSHQLQJV
LPSDFW RI GHSRVLWV RQ WKH VSLOOZD\ FDSDFLW\ VSDWLDO
KHWHURJHQHLW\ RI UHVHUYRLU GHSRVLWV DQG VXVFHSWLELOLW\ WR
HURVLRQ RI GHSRVLWV 'XH WR WKH PXOWLSOH REMHFWLYHV RI WKH
SURMHFW GHSOR\LQJ D SK\VLFDO PRGHO RQO\ GLGQ¶W DSSHDU
VXIILFLHQW IRU DGGUHVVLQJ WKRVH FRPSOH[ LVVXHV &RQVHTXHQWO\
WKHRSWLRQFRQVLGHUHGFRQVLVWV LQDK\EULGPRGHOOLQJDSSURDFK
FRPELQLQJ'QXPHULFDOPRGHOOLQJRIWKHZKROHUHVHUYRLU
DSK\VLFDOPRGHODWFRUUHVSRQGLQJWRWKHGRZQVWUHDP
SDUW RI WKH UHVHUYRLU DQG  D ' ORFDO QXPHULFDO PRGHO
UHSUHVHQWLQJWKHGDPDUHD)LJ7KHREMHFWLYHVDQGWKHPDLQ
SULQFLSOHVRIHDFKPRGHODUHVSHFLILHGLQQH[WSDUDJUDSKV
% 'QXPHULFDOPRGHOOLQJRIWKHZKROHUHVHUYRLU
7(/(0$&' 7' LV WKH ODUJHVFDOH PRGHO
GHSOR\HG IRU WKH ZKROH UHVHUYRLU 7KLV PRGHO DOORZV D
VXLWDEOH UHSUHVHQWDWLRQ RI WKH IORZ YHORFLW\ GLVWULEXWLRQ
LQGXFHG E\ WKH ULYHU EHQG XSVWUHDP RI WKH GDP 7'
SURYLGHVDOVRXSVWUHDPERXQGDU\FRQGLWLRQVWRWKHSK\VLFDO
DQG&)'PRGHOVZLWKUHJDUGWRWKHIORZYHORFLW\2XWSXWV
SURYLGHG FRUUHVSRQG WR VLWXDWLRQV UDQJLQJ IURP ORZ IORZV
WRWKHGHVLJQIORRG2QHRIWKHPDLQLQWHUHVWVRI7'LVWR
FDOFXODWHERWWRPVKHDUVWUHVVYDOXHVLQWKHZKROHUHVHUYRLU
DQGZLWK D KLJK UHVROXWLRQ )RU VKHDU VWUHVV FDOFXODWLRQ D
SURSHUFDOLEUDWLRQRIWKHYHUWLFDOYHORFLW\SURILOHLVUHTXLUHG
DQG FDQ EH REWDLQHG IURP H[SHULPHQWDO PHDVXUHPHQWV
SURYLGHGE\WKHSK\VLFDOPRGHOVHH)LJ

)LJXUH +\EULGPRGHOFRQVLVWLQJRIDYLHZRI'&)')OXHQW
PHVKE7(/(0$&'YHORFLW\ILHOGVDQGFGRZQVWUHDPYLHZ
RISK\VLFDOPRGHO
7' VROYHV WKH 1DYLHU6WRNHV DYHUDJHG DQG XQVWHDG\
HTXDWLRQ 85$16 IRU D VLQJOH LQFRPSUHVVLEOH IOXLG
LQFOXGLQJ WKH  FRPSRQHQWV RI WKH DYHUDJH IORZ YHORFLW\
ILHOG7KHQXPHULFDOPHWKRGXVHGWRGLVFUHWL]HWKHHTXDWLRQV
LV WKH )LQLWH (OHPHQW 0HWKRG )ULFWLRQ ZDOO ODZV LQFOXGHV
VRXUFHWHUPV
7KHGRPDLQ LVNP ORQJ LQWHJUDWLQJ&KDPSDJQHX[GDP
DQG LWV UHVHUYRLU DQG WKH HQWU\ RI WKH KHDGUDFH FKDQQHO7KH
HGJHOHQJWKRIPHVKZDVVHWWRPLQWKHUHVHUYRLUEXWZDV
GHFUHDVHG WR >@ P QHDUHVW WR WKH GDP 7KH ' PRGHO
SUHVHQWHG  KRUL]RQWDO OHYHOV ZKRVH VSDFLQJ LV UXOHG E\ D
ORJDULWKPLFSURILOHUHILQHGQHDUWKHERWWRP&RQVHTXHQWO\ WKH
' JULG FRPSULVHV DERXW  QRGHV DQG 
HOHPHQWV
7KHFRPSXWDWLRQDODUHDSUHVHQWHG OLTXLGERXQGDULHV$W
WKHLQOHWGLVFKDUJHPHDVXUHPHQWVZHUHIRUFHGLQ7(/(0$&
'93UHOHDVH$GLVFKDUJHZDVLPSRVHGRQHDFKJDWHV
RI&KDPSDJQHX[GDP$W WKHKHDGUDFH FKDQQHO RXWOHWZDWHU
OHYHO ZDV LPSRVHG 7XUEXOHQFH PRGHO FKRVHQ LV Nࣅ ZLWK 
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NLQGV RI ZDOO ODZ VPRRWK IULFWLRQ ZLWK 5HLFKDUG ODZ DQG
URXJKIULFWLRQZLWK1LNXUDGVHODZ
& 3K\VLFDOPRGHODW
7KH SK\VLFDO PRGHO 30 LV WKH ORFDO PRGHO XVHG IRU
GHWHUPLQLQJ ZLWK DQ DSSURSULDWH DFFXUDF\ WKH K\GURG\QDPLF
IORZFRQGLWLRQVQHDUE\GDPDUHD'LVFKDUJHVFRQVLGHUHGUDQJH
IURP IUHTXHQW IORRGV WR WKH GHVLJQ IORRG ,QYHVWLJDWLRQV
SHUIRUPHG FRQFHUQ SDUWLFXODUO\ WKH VSLOOZD\ GLVFKDUJH
FRHIILFLHQWDQGDQHYDOXDWLRQRI LWVSRVVLEOHHYROXWLRQVGXH WR
WKH VHGLPHQW G\QDPLFV 7KH SK\VLFDO PRGHO LV DOVR XVHG WR
PHDVXUH WKH YHUWLFDO YHORFLW\ SURILOH )LJ  ZLWK $FRXVWLF
'RSSOHU9HORFLW\ $'9 WRFDOLEUDWH WKH WXUEXOHQFHPRGHORI
7' DQG HYDOXDWH SUHFLVHO\ WKH KHDG ORVV GXH WR WKH GDP
FURVVLQJ0RGHO DQG QDWXUDO IUHH VXUIDFH IORZ VLPLODULWLHV DUH
JXDUDQWHHGDFFRUGLQJWRD)URXGHVLPLOLWXGH
' 'QXPHULFDOPRGHORIWKHGDPDUHD
)/8(17 &)' LV WKH PLFURORFDO PRGHO GHSOR\HG WR
VLPXODWH D EURDG UDQJH RI IORZ VLWXDWLRQV ZLWK UHVSHFW WR WKH
VSLOOZD\JDWHVRSHQLQJ7KHFRGHVROYHV'85$16HTXDWLRQV
ZLWK ILQLWH YROXPH QXPHULFDOPHWKRG7KH GRPDLQ FRPSULVHV
DLU DQG ZDWHU VR D WUDQVSRUW HTXDWLRQ RQ YROXPH IUDFWLRQ LV
DGGHG DFFRUGLQJ WR WKH 9ROXPH RI )OXLG 92) PHWKRG
&RPSDUHGWR7'WKHPDLQEHQHILWVRI&)'DUHWRDOORZD
PXOWLSKDVH PRGHOOLQJ DQG GLUHFWO\ DFFRXQW IRU DLUZDWHU
LQWHUDFWLRQV DW WKH IUHH VXUIDFH  OLPLW DVVXPSWLRQV
FRQFHUQLQJWKHIORZUHJLPHRIWKHJDWHVDVWKHGRZQVWUHDPRI
GDP LV VLPXODWHG DQG  REWDLQ FRPSUHKHQVLYH PRGHOOLQJ
UHVXOWVZLWKDYHU\KLJKVSDWLDOUHVROXWLRQ,QWKHIUDPHRIWKLV
SURMHFWVFDOHHIIHFWVKDYHEHHQDOVRLQYHVWLJDWHGWRHYDOXDWHLI
WKH\FDQEHUHDVRQDEO\QHJOHFWHG
( 0RGHOOLQJVWUDWHJ\IROORZHGIRUPLQLPL]LQJXQFHUWDLQWLHV
)LUVW LW VKRXOGEHNHSW LQPLQG WKDW WKHJHRPHWULFGDWDRI
WKHPRGHOVKDYHEHHQXQFKDQJHGGXULQJDJLYHQVLPXODWLRQVR
DV WR EHWWHU KLJKOLJKW DQG XQGHUVWDQG WKH K\GURG\QDPLF
SURFHVVHV$PRELOHEHGQXPHULFDOPRGHOLVFXUUHQWO\RSHUDWHG
WR WDNH LQWR DFFRXQW VHGLPHQWDU\ SURFHVVHV IURP D PRUH
GHWDLOHGPDQQHU ,W LVDOVRHVVHQWLDO WRQRWH WKDW WKHPRGHOOLQJ
VWUDWHJ\ UHOLHV RQFURVVYDOLGDWLRQRIPRGHOVZKLFK UHTXLUHVD
VWULFW FRRUGLQDWLRQ EHWZHHQ PRGHOOHUV WKURXJKRXW WKH
FDOLEUDWLRQSURFHVV7KHPRGHOFRQVWUXFWLRQLVLQGHHGEDVHGRQ
DQ LWHUDWLYH DSSURDFK PHDQLQJ LQ SDUWLFXODU WKDW DVVXPSWLRQV
VSHFLILF WR D JLYHQ PRGHO KDYH WR EH YDOLGDWHG IURP RXWSXWV
SURYLGHG E\ WKH RWKHU RQHV 6XFK SURFHVV LV REYLRXVO\
FRQVWUDLQLQJEXWDFFHSWDEOHZLWKUHJDUGWRWKHK\GUDXOLFVDIHW\
LVVXHV DW VWDNH ,Q RUGHU WR WDNH IXOO DGYDQWDJH RI WKH K\EULG
PRGHO DQG IDFLOLWDWH LQWHUDFWLRQV DV ZHOO DV VXEVHTXHQW
FRPSDULVRQVDIRUPDOPHWKRGRORJ\KDVEHHQIROORZHG
x $OO PRGHOV XVH WKH VDPH LQSXW GDWD VXFK DV
EDWK\PHWU\ IORZ UDWHV DQG JDWH RSHQLQJV REVHUYHG
GXULQJFDOLEUDWLRQHYHQWV«$OWKRXJKWLPHFRQVXPLQJ
LQWKHSUHOLPLQDU\VWHSVRIWKHSURMHFWVXFKDSSURDFK
SURYLGHVKXJHEHQHILWVIRUWKHDQDO\VLVRIUHVXOWVLQWKH
XOWLPDWHVWDJHVRIWKHSURMHFW
x 7KH FDOLEUDWLRQ RI PRGHOV LV SHUIRUPHG
VLPXOWDQHRXVO\ DQG DFFRUGLQJ WR WKH VDPH WLPH
VFKHPH IRU DFKLHYLQJ HIIHFWLYH LQWHUDFWLRQV DQG
SRVVLEO\ DGDSWLQJ WKH PHWKRGRORJ\ WR XQH[SHFWHG
FRQFHUQV
x 7KHFDOLEUDWLRQSURFHVVLQFOXGHVIROORZLQJVWHSVD
EOLQGFDOLEUDWLRQRISK\VLFDOPRGHODQG'QXPHULFDO
PRGHOV XVLQJ ILHOG GDWD PHDVXUHG ZLWK $FRXVWLF
'RSSOHU &XUUHQW 3URILOHU $'&3  DQ LQWHU
FRPSDULVRQ RI UHVXOWV REWDLQHG IRU D JLYHQ VLWXDWLRQ
DQG  D UHYHUVH FDOLEUDWLRQ RI ' PRGHOV LI
VLJQLILFDQWGLVFUHSDQFLHVDUHHYHQWXDOO\KLJKOLJKWHG
x 7KHSRVWSURFHVVLQJZRUNLVSHUIRUPHGRQDFRPPRQ
VHWRIRXWSXWSDUDPHWHUVPHDVXUHGH[DFWO\DWWKHVDPH
ORFDWLRQV DQG DOO VLPXODWLRQ UHVXOWV DUH FRPSDUHG DW
VFDOH
,,, 6+($5675(66(9$/8$7,21%<$9(5$*(
9(/2&,7<9(57,&$/352),/(6
$ +\EULGPRGHOOLQJSKDVH
'HWHUPLQLQJ WKHERWWRP VKHDU VWUHVV LV D YHU\ FKDOOHQJLQJ
LVVXHHVSHFLDOO\RZLQJ WR WKH LPSRVVLELOLW\ IRUPHDVXULQJ WKLV
SDUDPHWHU LQ VLWX7KLVSDUDPHWHU KDVEHHQHYDOXDWHG IURPDQ
LQGLUHFWPDQQHUXVLQJH[SHULPHQWDOREVHUYDWLRQVSHUIRUPHGRQ
WKH SK\VLFDO PRGHO 7KH RSWLRQ FRQVLGHUHG FRQVLVWV LQ
GHWHUPLQLQJ WKH IULFWLRQ YHORFLW\ 8 IURP WKH VKDSH RI WKH
YHUWLFDO SURILOH RI YHORFLW\ ,Q WKH IUDPH RI WKLV SURMHFW WKH
YHORFLW\SURILOHKDVEHHQPHDVXUHGZLWKD9HFWULQR,, $'9
ZKLFK FDQEHGHSOR\HG IRUZDWHU GHSWK DERYH PP DW 
7KH VFDOH  KDV EHHQ FKRVHQ LQGHHG IRU PLQLPL]LQJ
XQFHUWDLQWLHVDQG WKLVRSWLRQOHDGVILQDOO\ WRREWDLQDVWDQGDUG
GHYLDWLRQRIZKHQVLPXODWLRQUHVXOWVDUHXSVFDOHGWR
7KRVHH[SHULPHQWDOGDWDKDVEHHQDOVRXVHG IRUYDOLGDWLQJ
WKH DELOLW\ RI WKH ' QXPHULFDOPRGHOV WR UHSUHVHQW SURSHUO\
WKHZKROHYHORFLW\ ILHOGRI WKH IORZREWDLQHGE\ WKHFRPSOHWH
UHVROXWLRQ RI 85$16 V\VWHP ,Q DGGLWLRQ TXDOLWDWLYH
REVHUYDWLRQVGHPRQVWUDWH WKHFRQYHUJHQFHRIWKHJHQHUDO IORZ
SDWWHUQ IRU WKH  PRGHOV ZLWK UHJDUG WR WKH SRVLWLRQ RI WKH
UHFLUFXODWLRQFHOOVLQSDUWLFXODU

)LJXUH ,QWHUFRPSDULVRQRIYHUWLFDOSURILOHVRIYHORFLW\

'XULQJ WKH FDOLEUDWLRQ SURFHVV WKH ZDOO ODZ IULFWLRQ
FRHIILFLHQW DQG WKH W\SH RI WXUEXOHQFH PRGHO E\ DQ
DVVHVVPHQWRIYHUWLFDOHYROXWLRQRIYHORFLW\KDYHEHHQDGDSWHG
ZKHQ UHTXLUHG $ VHULHV RI WHVWV ZHUH DOVR SHUIRUPHG WR
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
GHPRQVWUDWH WKDWRSWLRQVXVLQJHLWKHUD5HLFKDUG ODZ VPRRWK
IULFWLRQSODQ

ZKHUHț LVWKH9RQ.DUPDQFRQVWDQW\LVWKH
GLPHQVLRQOHVVGLVWDQFHWRWKHZDOORUD1LNXUDGVHODZURXJK
IULFWLRQUHJLPHOHDGWRPXFKPRUHDFFXUDWHUHVXOWVFRPSDUHG
WRFDOFXODWLRQEDVHGRQDQYHUWLFDOO\DYHUDJHGYHORFLW\
GHSHQGLQJRQD6WULFNOHUIULFWLRQODZ7KHVHIULFWLRQODZV
VXSSRVHWKDWWKHVSHHGDWWKHZDOORQDPHVKLVQRWTXLWHWDNLQJ
WRWKHZDOORWKHUZLVHLWZRXOGEHQXOOEXWLWLVWDNHQLQWRWKH
ERXQGDU\OD\HUDWDGLVWDQFH\

)LJXUH )ORZYHORFLW\YVVKHDUVWUHVVDWFRUHVDPSOLQJVLWHV

)LJXUH 6KHDUVWUHVVGLVWULEXWLRQIURP7'FDOFXODWLRQVDQG
ORFDWLRQRIFRUHVDPSOHVFRQVLGHUHGIRUHURVLRQWHVWV

&RQFHUQLQJ WKH PD[LPXP YHORFLW\ VLPXODWHG ZLWK 7'
WKH PDLQ WUHQGV KLJKOLJKWHG FRUUHVSRQG WR D í
XQGHUHVWLPDWLRQ XSVWUHDP RI WKH GDP DQG D 
RYHUHVWLPDWLRQLQWKHFORVHYLFLQLW\RIWKHVSLOOZD\7KHRYHUDOO
UHVXOWVDUHVWLOOFRPSULVHGLQDLQWHUYDOZKLFKLVTXLWH
VDWLVIDFWRU\ 6FDOH HIIHFWV DQG VHQVLWLYLW\ WHVWV RQ FDOLEUDWLRQ
SDUDPHWHUV DQG PRGHOOLQJ RSWLRQV HVSHFLDOO\ ZLWK UHJDUG WR
ZDOOODZVIULFWLRQUHJLPHWXUEXOHQFHPRGHOPHVKLQJ«KDYH
EHHQDOVRSHUIRUPHGDQGUHVXOWVREWDLQHGOHDGWRFRQVLGHUWKDW
WKH XQFHUWDLQW\ RQ VKHDU VWUHVV YDOXHV LV QHDU  7KRVH
LQYHVWLJDWLRQVGHPRQVWUDWHWKDWWKHPDMRUEHQHILWVRIWKHK\EULG
DSSURDFKGHSOR\HGDUH  WKHSRVVLELOLW\ WRFDOFXODWHUHOHYDQW
ERWWRP VKHDU VWUHVV YDOXHV LQ WKH HQWLUH UHVHUYRLU  ZLWK D
KLJK UHVROXWLRQ DQG D UHODWLYHO\ JRRG OHYHO RI FRQILGHQFH DQG
E\WDNLQJLQWRDFFRXQWDODUJHSDQHORIK\GUDXOLFVLWXDWLRQV
VHH)LJDQG)LJ
% 9DOLGDWLRQFDVHVE\H[SHULPHQW
6LPXODWLRQUHVXOWVIURP7'ZHUHDOVRXVHGIRUFRPSDULQJ
WKH LQ VLWX VHGLPHQW G\QDPLFV XQGHUVWDQGLQJ LQ WKH UHVHUYRLU
,QYHVWLJDWLRQVSHUIRUPHGKDYHPDLQO\IRFXVHGRQWKHSRVVLEOH
UHODWLRQV EHWZHHQ WKH UHVHUYRLU GHSRVLWV GLVWULEXWLRQ DQG WKH
IORZ SDWWHUQ ,Q PDQ\ DUHDV WKH GHSRVLWLRQ RI QRQFRKHVLYH
SDUWLFOHVREVHUYHGLQVLWXLVFOHDUO\H[SODLQHGE\WKHOLPLWDWLRQV
GXHWRWKHWUDQVSRUWFDSDFLW\RIWKHIORZ7KHFDOFXODWLRQRIWKH
5RXVHQXPEHUZKLFKGHWHUPLQHVKRZDSDUWLFOHRIDJLYHQVL]H
LV OLNHO\ WREH WUDQVSRUWHGE\ WKHZDWHU IORZSURYLGHV LQGHHG
FRQVLVWHQW UHVXOWV FRPSDUHG ZLWK WKH GLVWULEXWLRQ RI GHSRVLWV
ZLWKLQWKHUHVHUYRLU6LPLODUFRQFOXVLRQVKDYHEHHQREWDLQHGE\
FRPSDULQJ WKH VHGLPHQWDWLRQ SDWWHUQ ZLWK WKH GLVWULEXWLRQ RI
WKHFRDUVHVWSDUWLFOHVOLNHO\WREHWUDQVSRUWHGDVEHGORDG
,9 63(&,),&$1$/<6,6%$6('21&$/&8/$7,21
0(7+2'2)6+($5675(66

4XDOLWDWLYHO\ IORZ SDWWHUQV DUH LGHQWLFDO EHWZHHQ
7(/(0$&' DQG )/8(17 EXW WKHUH LV D IXQGDPHQWDO
GLVFUHSDQF\IRUFDOFXODWLRQPHWKRGRIVKHDUVWUHVVYDOXH

)LJXUH 'LDJUDPRISRVLWLRQLQJRIFRPSXWLQJQRGHVIRUWKH
7'VROYHUUHGDQG)/8(17VROYHUEOXHWRFDOFXODWHWKHVWUHVV
DWWKHZDOOJUHHQ
$ VRXUFH RI HUURU LV DOVR WKH QXPHULFDO PHWKRG RI
FDOFXODWLQJ WKH IULFWLRQ YHORFLW\ FRPSDUHG WR WKH PHVKLQJ
PHWKRGRIQXPHULFDOPRGHOV$VVKRZQLQ)LJ7'KDVQRW
LWVQRGHVFHOOVGLUHFWO\RQ WKHQRUPDOWRWKHZDOOVEHFDXVH WKH
H[WUXVLRQRI WKHPHVK LV LQ WKHGLUHFWLRQRIJUDYLW\ H[FHSW LQ
SODFHVZKHUH WKHQRUPDO WRWKHVLGHVRI WKHULYHUDUHFROOLQHDU
ZLWK WKHYHUWLFDO7KHGHILQLWLRQRIVWUHVVDWDZDOOUHTXLUHV LW
WR EH SURSRUWLRQDO WR WKH YHORFLW\ JUDGLHQW FDOFXODWHG LQ WKH

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
GLUHFWLRQQRUPDOWRWKHZDOO5HLFKDUG
VODZLQ(TFRQQHFWV
WKHVKDSHRIWKHYHORFLW\SURILOHDWWKHZDOOVWUHVVWKHYHORFLW\
SURILOHLVIXOO\GHWHUPLQHGE\WKHYDOXHRIWKHVSHHGRIWKHILUVW
SRLQWDQG WKHGLVWDQFH WRWKHZDOO7KHVROYHU7'DVVLPLODWH
WKHKHLJKWRIWKHILUVWOD\HUSRLQW\7'WRWKHGLVWDQFHDORQJWKHQRUPDO WR WKHZDOODQG WKHYHORFLW\YDOXHRI WKLVDVEHLQJ WKH
SRLQWRIWKH\HOORZGRW
$ UHWURVSHFWLYH FRUUHFWLRQZRXOG DVVXPH WKDW WKH YHORFLW\
FDOFXODWHGDWWKHILUVWQRGHLVVLPLODUWRWKH\HOORZGRWQRGHDQG
WKHGLVWDQFHWRWKHZDOOLVFRUUHFWHGE\\7'FRVĮZKHUHĮLVWKH DQJOH EHWZHHQ WKH QRUPDO WR WKH ZDOO ZLWK WKH YHUWLFDO
GLUHFWLRQ7KHVKHDUVWUHVVZRXOGEHLQFUHDVHGDVWKHVDPHUDWH
ZRXOGEHFORVHUWRUHDFKLQJWKHZDOO$QHVWLPDWHYDOXHRIWKH
UHODWLYH HUURU VXEPLWWHG LV PDGH E\ FDOFXODWLQJ WKH VDPH
YHORFLW\ WR WKH ILUVW FHOOZDOORI WKH WZR FRQVWUDLQWV JHQHUDWHG
E\DGLVWDQFH\7'FRVĮDQG\7'7KHUHODWLYHHUURUSORWWHGLQ)LJLVWKHUHIRUH


)LJXUH 5HODWLYHHUURUEHWZHHQWKHFRUUHFWHGVWUHVVĲ\7'FRV
Į8DQGVWUHVVFDOFXODWHGE\7'EDVHGRQDYHORFLW\UDQJHLQ
WKHILUVWFRPSXWHQRGHWKHGLVWDQFHWRWKHZDOORIWKHILUVWQRGH
DQGWKHDQJOHRIWKHQRUPDOWRWKHĮZDOO
,Q WKLV SDUDPHWHU UDQJH DQG WKH FRQGLWLRQV RI GLVWDQFH WR WKH
GLPHQVLRQOHVVZDOO\!DQGZDOOVWUHVVHVEHORZ1PWKH
VWUHVV FDOFXODWHGE\7'XQGHUHVWLPDWHVPD[LPXPRI RI
WKHFRUUHFWHGVWUHVVĲ\7'FRVĮ8IRUDQJOHVOHVVWKDQIRUDQJOHV OHVV WKDQDQGXS WRIRUDQJOHVXS WR
7KLV VRXUFH RI XQGHUHVWLPDWLQJ VKHDU VWUHVV VHHPV WR EH
UHOHYDQWLQWKLVWRSLFDVLWZRXOGPDLQO\WDNHSODFHLQWKHDUHDV
ZKHUHGHSRVLWVDUHORFDWHG
9 3(563(&7,9(6
7KH3UHVWRQSLSHPHWKRG LV DQ DOWHUQDWLYHZD\RI GLUHFWO\
PHDVXULQJ WKHERWWRPVKHDU VWUHVV >@6KHDU VWUHVV UDWH8 LV
FRQQHFWHG WR WKH GLIIHUHQFH EHWZHHQ WRWDO DQG VWDWLF SUHVVXUH
PHDVXUHG QHDU WKH ERWWRP 2QJRLQJ WHVWV DW &15 ODERUDWRU\
EDVHG RQ SUHVVXUH JUDGLHQW PHDVXUHPHQWV SHUIRUPHG DW VFDOH
PD\ KHOS GHFUHDVLQJ VLJQLILFDQWO\ WKH ERXQGV RI FXUUHQW
XQFHUWDLQWLHVLQSDUWLFXODUIRUJUDGXDOO\YDULHGUHJLPH
9, &21&/86,21
7KH K\EULG PRGHOOLQJ DSSURDFK GHSOR\HG LQ WKH
&KDPSDJQHX[GDPFDVHFRPELQHVRQHSK\VLFDOPRGHODQGWZR
'QXPHULFDOPRGHOVXVHGIRUDVVHVVLQJWKHHURVLRQKD]DUGRI
UHVHUYRLU GHSRVLWV 6XFK RSWLRQ LV YHU\ FRQVWUDLQLQJ DQG
FKDOOHQJLQJ EXW SURYLGHV XQSDUDOOHOHG EHQHILWV IRU HYDOXDWLQJ
ZLWK D KLJK UHVROXWLRQ DQG D UHODWLYHO\ JRRG OHYHO RI
FRQILGHQFH UHOHYDQW ERWWRP VKHDU VWUHVV YDOXHV LQ WKH HQWLUH
UHVHUYRLUIRUDODUJHSDQHORIK\GUDXOLFVLWXDWLRQV7KHPRGHOV
FDOLEUDWLRQLVEDVHGRQDFURVVYDOLGDWLRQVWUDWHJ\WKDWUHTXLUHV
D IRUPDO RUJDQL]DWLRQ DQG D VWULFW FRRUGLQDWLRQ RI PRGHOOLQJ
DFWLYLWLHV,W¶VZRUWKQRWLQJLQSDUWLFXODUWKDWDOOPRGHOVXVHWKH
VDPH LQSXW GDWD DQG DUH FDOLEUDWHG VLPXOWDQHRXVO\ DQG
DFFRUGLQJ WR WKH VDPH WLPH VFKHPH 0RUHRYHU WKH SRVW
SURFHVVLQJ ZRUN LV SHUIRUPHG RQ D FRPPRQ VHW RI RXWSXW
SDUDPHWHUV PHDVXUHG H[DFWO\ DW WKH VDPH ORFDWLRQV DQG DOO
VLPXODWLRQUHVXOWVDUHFRPSDUHGDWVFDOH
,WLVDPDMRULPSRUWDQFHWRUHPLQGWKDWVKHDUVWUHVVOLEUDU\
IRU D ODUJH UDQJH RI GLVFKDUJH LV RQO\ DVVHVV WKURXJKRXW
QXPHULFDOFDOFXODWLRQRI IULFWLRQYHORFLW\ 7'DW VFDOH
WRRUE\ZDOOODZ)/8(17DWVFDOH(YHQLIYDOXHV
GR QRW SUHVHQW GLVFUHSDQF\ LW LV FUXFLDO WR SHUIRUP VRPH
FRPSOHPHQWDU\ LQYHVWLJDWLRQV WR DGGUHVV SURSHUO\ VHGLPHQW
UHODWHGLVVXHVPRUSKRG\QDPLFVLPXODWLRQV
x 7RYDOLGDWHQXPHULFDOPHWKRGE\FRPSDULVRQZLWK
DGLUHFWPHDVXUHRIVKHDUVWUHVVVHHSDUDJUDSK9
DWVFDOHLQJUDGXDOO\YDULHGUHJLPH
x 7R WUDQVSRVHPHWKRGRORJ\ IURPVFDOH WR
OLPLWLQJXQFHUWDLQWLHV
)LQDOO\ WKH FRPSDULVRQ EHWZHHQ HURVLRQ ODEWHVWV DQG
VLPXODWLRQV UHVXOWV ZLOO OHDG WR DVVHVV WKH HURVLRQ KD]DUG RI
UHVHUYRLUGHSRVLWV$VDILUVWDSSURDFKWKHGLDJQRVLVSHUIRUPHG
LVEDVHGRQWKHFDOFXODWLRQDQGWKHVSDWLDOL]DWLRQRIWKHUHODWLYH
GHYLDWLRQ EHWZHHQ WKH FULWLFDO VKHDU VWUHVV DQG WKH HIIHFWLYH
VKHDU VWUHVV FRUUHVSRQGLQJ WR D JLYHQ IORRG HYHQW
&RPSOHPHQWDU\ LQYHVWLJDWLRQV FRQVLGHULQJ DQ DSSURDFKEDVHG
RQ D ' K\GURVHGLPHQWDU\ PRGHO ZLOO FXUUHQWO\ SHUIRUP WR
LPSURYHWKLVSUHOLPLQDU\DSSURDFK
5()(5(1&(6
>@ .DQWRXVK 6$ DQG 6XPL 7  5LYHU PRUSKRORJ\ DQG VHGLPHQW
PDQDJHPHQW VWUDWHJLHV IRU VXVWDLQDEOH UHVHUYRLU LQ -DSDQ DQG (XURSH
$OSV$QQXDOVRI'LVDVW3UHY5HV,QVW.\RWR8QLY1R%
>@ 0RUULV * / DQG )DQ - 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